Abstract. Peritoneal dissemination is the most common metastatic pattern of gastric cancer. We frequently face the necessity for gastrectomy in the event of gastric stenosis or gastric bleeding. However, the indication for palliative gastrectomy and the effectiveness of palliative chemotherapy are not clear. We retrospectively evaluated the prognostic factors after palliative gastrectomy in 121 gastric cancer patients with peritoneal dissemination. The expression of orotate phosphoribosyl transferase (OPRT) was examined immunohistochemically. The median survival time of all patients after palliative gastrectomy was 8.8 months. In the multivariate analyses, we adjusted the data of 82 patients without liver metastases for the background of 5-fluouracil (5-FU)-based chemotherapy regimen. The analysis revealed that the degree of peritoneal dissemination (multiple vs. a few metastases or cytologypositive; P= 0.01) and chemotherapy (S-1 vs. other 5-FU; P=0.01) were independent predictors of survival. Particularly, S-1 treatment was associated with a more favorable prognosis of the patients with high levels of OPRT expression compared to that of the patients with low expression. Patients with peritoneal dissemination are considered as terminal and inoperable. However, S-1 treatment may improve the survival after palliative gastrectomy in patients selected according to the degree of peritoneal dissemination and high OPRT expression.
Introduction
Peritoneal dissemination is the most common metastasis of gastric cancer. Dutch Gastric Cancer Trial reported that 26% of the patients were found to have incurable cancer spread at the time of laparotomy (1) . Moreover, it is the most difficult type of metastasis to treat due to an extremetly poor prognosis of 3-6 months (2) . Therefore, the majority of surgeons are doubtful regarding the efficacy of surgical treatment in these types of gastric cancer cases (3) . However, at times, gastrectomy must be performed for patients with far advanced gastric cancer due to gastric bleeding or gastric stenosis. Additionally, standard chemotherapies have not been established for peritoneal dissemination, and reports concerning the treatment of these cases are few. Evaluation of the effectiveness of chemotherapy is difficult, since it is not possible to detect the change in tumor size in a few millimeters of peritoneal dissemination. Instead, only measurement of the secondary changes, such as the amount of ascites, is possible. Moreover, since gastric cancer is aggressive in nature, the reduced lifespan of such patients does not allow for continued second-and third-line chemotherapies. Indeed, the outcome of treatments, such as palliative gastrectomy or chemotherapy, for peritoneal dissemination is not very encouraging (4, 5) . It has been reported that peritonectomy and/ or intraperitoneal chemotherapy have been successful for the treatment of peritoneal dissemination. However, the survival benefits of these treatments are controversial due to the associated morbidity and low quality of life.
Recently, chemotherapy for gastric cancer has become remarkably advanced. It has been reported that S-1, an oral antitumor agent containing 5-fluouracil (5-FU), is an effective adjuvant treatment for East Asian patients after D2 gastrectomy for advanced gastric cancer (6) . Furthermore, previous studies have reported that a combination chemotherapy of S-1 and cisplatin can be effective (7, 8) . Notably, there have been several reports on the long-term survival of patients with peritoneal dissemination who received S-1 chemotherapy (9). However, S-1 chemotherapy is not always effective in all patients. To avoid unnecessary chemotherapy, it is crucial to identify specific prognostic factors that may be helpful in predicting the efficacy of chemotherapy in patients with a poor prognosis. Thymidylate synthetase (TS), which is an essential DNA de novo synthetic enzyme, is the target inhibition enzyme of the metabolite of 5-FU. Dihydropyrimidine dehydrogenase (DPD) is a major degrading enzyme that catabolizes 5-FU to fluorinated β-alanine and orotate phosphoribosyl transferase (OPRT) activating 5-FU and forming 5-fluoroudine monophosphate (FUMP). It has been suggested that these enzymes play a key role in the metabolic pathway of 5-FU and can be useful predictors of the patient sensitivity toward 5-FU (10) (11) (12) . In this study, we retrospectively examined the prognosis of gastric cancer patients with peritoneal dissemination after palliative gastrectomy and investigated the prognostic factors in order to determine the indications for palliative gastrectomy. This is because therapeutic planning and selection of suitable treatments is crucial in order to avoid unnecessary surgery or chemotherapy, particularly in the case of patients with an expected short lifespan.
Materials and methods
Using our database, we determined that 121 consecutive patients with peritoneal dissemination who underwent palliative gastrectomy for the treatment or prevention of gastric stenosis or bleeding were eligible for this retrospective study. The patients were treated between April 1984 and September 2008. The follow-up period was defined as the time from the day of surgery to April 2010. The inclusion criteria of patients were in accordance with the 12th edition of the Japanese General Rules for Gastric Cancer Study (13) . This guideline describes the status of peritoneal dissemination in terms of three classes as follows: metastasis of the tumors to the adjacent peritoneum (P1), metastasis of a few tumors to distant peritoneum (P2), or metastasis of numerous tumors to the distant peritoneum (P3). In addition, we also included the patients with positive peritoneal washing cytology without peritoneal dissemination (P0/CY1; defined as stage 4 in the Japanese General Rules for Gastric Cancer), as many previous studies have demonstrated that P0/CY1 patients have a similarly poor prognosis as patients with macroscopic peritoneal dissemination (5, 14) .
As shown in Table I , many different types of chemotherapy were administered before 2000 since no chemotherapy had been confirmed to be particularly effective for the treatment of gastric cancer with peritoneal dissemination. Regardless of the type of chemotherapy, however, the prognosis of patients was extremely poor. It should be noted that after 2000, all patients received S-1 chemotherapy. Therefore, to analyze the efficacy of S-1 treatment as the first-line chemotherapy, we compared the survival times of patients who were administered S-1 chemotherapy and other 5-FU-based chemotherapies. S-1 treatment was administered at 60 mg/m 2 twice daily for 4 weeks followed by a 2-week rest period. The dosage and duration of S-1 treatment were reduced as per signs of toxicity. The chemotherapy regimens were as follows: S-1 therapy (n=42) included S-1 monotherapy (n=38), S-1 plus low-dose cisplatin (n=3) and S-1 plus docetaxel (n=1). Other 5-FU-based chemotherapies (n=47) included 5-FU (n=2), 5-FU plus mitomycin C (n=4), 5-FU plus cisplatin (n=11), tegafur (n=24) and doxifluridine (n=6).
Immunohistochemistry. This study was approved by the institutional review boards of our university. DPD, TS and OPRT antibodies were kindly donated by Taiho Pharmaceutical Co., Tokushima, Japan. Briefly, the formalin-fixed, paraffinembedded gastric samples were cut into 4-µm sections. The slides were incubated overnight at room temperature with primary rabbit polyclonal antibodies for DPD, TS and OPRT (at dilutions of 1:100, 1:200 and 1:100, respectively).
The immunohistochemical evaluations of DPD, TS and OPRT were reviewed by two authors (K.I. and R.H.) who had no knowledge of the patient clinical status. The expression was determined according to a previous report (12) .
Statistical analysis. The differences between proportions were analyzed by the χ 2 test. Survival curves were calculated using the Kaplan-Meier method, and a log-rank test was used to compare the survival between groups. The Cox proportional hazards model was used in multivariate survival analysis to assess the independent prognostic value of each of the variables considered. Statistical analyses were performed using SPSS software (SPSS Inc., Chicago, IL, USA). A p-value of <0.05 was regarded as significant.
Results
Patient characteristics. Table I shows the characteristics of the 121 patients with peritoneal dissemination. The status of the peritoneal dissemination varied (P0/CY1, 26 patients; P1, 28 patients; P2, 18 patients; P3, 49 patients). Out of the 121 patients (79 men and 42 women) with peritoneal dissemination, 14 also had liver metastases. In all, 48 patients underwent distal gastrectomies and 73 underwent total gastrectomies. The median follow-up period for all patients was 6.7 months. The mean age of the patients was 62.7 years. Overall patient survival. Fig. 1A shows the overall survival of the patients. As described in previous reports, the prognosis of patients with peritoneal dissemination who had undergone gastrectomies is extremely poor. In our study, these patients had a median survival time of 8.8 months. Furthermore, the median survival time for patients with both liver metastases and peritoneal dissemination was 3.4 months, while that for patients without liver metastases (P<0.001) was 9.6 months (Fig. 1B) .
Regarding the degrees of peritoneal dissemination (P0/CY1, P1, P2 and P3), only P3 patients demonstrated a significantly worse prognosis, and there was no statistically significant difference in the prognosis of P0/CY1, P1 and P2 patients (Fig. 1C) . Furthermore, the prognosis of P0/CY1 patients was similarly as poor as for P1 and P2 patients. Therefore, in the subsequent univariate and multivariate analyses, we excluded the patients with liver metastases, and classified the four degrees of peritoneal metastasis into two categories, namely, P0-2 (which included P0/CY1, P1 and P2) and P3.
Univariate survival analysis of patients who underwent 5-FU-based chemotherapy after palliative gastrectomy.
The efficacy of various types of post-operative courses, such as the best supportive care of 26 patients and the adjuvant chemotherapy of 95 patients, was examined in this study (Table I) . Therefore, to evaluate the effectiveness of S-1 chemotherapy, we used patients who had undergone other types of 5-FU-based chemotherapy as a control group. Since 2000, when S-1 became commercially available, all gastric cancer patients have been receiving S-1 chemotherapy. Therefore, the group of patients that received other 5-FU-based chemotherapies had undergone treatment before 2000. (Table 3) . Fig . 1D shows the Kaplan-Meier survival curve for the patients treated with S-1 and other 5-FU-based chemotherapies. Notably, S-1 treatment improved the 3-year survival rates of patients (P=0.01) from 2.8 to 24.1%. To determine which patients were actually benefited from S-1 treatment, we analyzed the patients in the macroscopic residual tumor (negative/positive) and P0-2/ P3 subgroups of the S-1 and other 5-FU-based chemotherapy groups. S-1 treatment improved the survival of patients with no macroscopic residual tumors (P= 0.006), while other 5-FU-based treatments did not affect patient survival in this group (Fig. 1E) . Similarly, S-1 treatment improved survival in the P0-2 patients (P=0.003), while other 5-FU-based treatments did not (Fig. 1F) .
Immunohistochemistry of the 5-FU-related enzymes DPD, TS and OPRT.
To further assess the group of patients with a more favorable survival (chemotherapy-sensitive patients) who underwent S-1 treatment, we examined the expression of 5-FU-related enzymes in the 41 patients of the S-1 treatment group. Immunological staining revealed that DPD, TS and OPRT were expressed in the cytoplasm. Of the 41 patients in the S-1 treatment group, 27, 21 and 24 were negative and 14, 20 and 17 were positive for the expression of DPD, TS and OPRT, respectively. Notably, DPD and TS expression was not significantly related to patient survival ( Fig. 1G and H) . However, patients with high OPRT expression survived longer than those with low OPRT Log-rank test was applied to data of the univariate analysis. HR, hazard ratio; ly, microscopic lymphatic invasion; v, microscopic vessel invasion; T3, tumor penetration of serosa; T4, tumor invasion of adjacent structures.
expression (P=0.043; log-rank test). The median survival period was 19 and 10 months, respectively (Fig. 1I) . In summary, the prognosis was extremely poor for patients with peritoneal dissemination who underwent palliative gastrectomies (8.8 months). However, when patients without numerous peritoneal dissemination (non-P3 patients) and liver metastases received S-1 chemotherapy, their prognosis significantly improved (19 months). Moreover, these patients showed high OPRT expression, and their median survival time was further increased to 42.4 months (Fig. 2) .
Discussion
Even though it has been over 50 years since 5-FU was developed as a chemotherapeutic agent, it remains one of the main anticancer drugs used for the treatment of a variety of different cancers. However, it has been reported that S-1, which was developed on the basis of biochemical modulation of 5-FU, has been successfully used for treating gastric cancer. The response rate of S-1 monotherapy in phase II trials was more than 40% in patients with advanced or recurrent gastric cancer (15, 16) . The Adjuvant Chemotherapy Trial of S-1 for Gastric Cancer (ACTS-GC) showed that single-agent S-1 adjuvant chemotherapy for stage II/III gastric cancer patients who underwent curative D2 surgery improved the survival rates of the patients significantly (6) . The 3-year overall survival rate was 80.1% in the S-1 group and 70.1% in the surgery-only group. Notably, the peritoneum relapse rate was significantly decreased to 11.2 from 15.8% with S-1 treatment. Nevertheless, S-1 treatment did not significantly inhibit hematogenous relapse (11.3%, S-1 group; 10.2%, surgery-only group). The chemotherapy for peritoneal dissemination is usually difficult, as the cancerous area is isolated from the blood flow and the peritoneal blood barrier prevents drug distribution (17, 18) . It has been reported that after S-1 treatment, the concentration of 5-FU rises four times higher in intraperitoneal tumors and six times higher in ascites as compared to its concentration after other 5-FU treatments; this may help explain the greatly improved survival times after S-1 treatment (19, 20) . In addition, 5-chloro-2,4-dihydroxypyridine (CDHP), a specific DPD inhibitor used in S-1 treatment, also plays an important role with regard to modulating the concentration of 5-FU. Generally, 80-90% of the 5-FU is rapidly catabolized by DPD in the liver (21, 22) , but pharmacokinetic studies have indicated that the addition of CDHP results in a 20-fold increase in the serum concentration of 5-FU.
In this study, we evaluated the prognostic factors after palliative resection in patients with peritoneal dissemination. Our results indicate that the median survival time of patients with both peritoneal dissemination and liver metastases is only 3.4 months. The Dutch Gastric Cancer Group has suggested that palliative gastrectomies are beneficial when the tumor extension is limited to a single site; widespread tumor growth, peritoneal, liver or lymph node (1). However, since the majority of patients with peritoneal dissemination in this study had not undergone gastrectomies, the survival times of the patients with peritoneal dissemination were not specifically examined. Indeed, the relative benefits of performing palliative gastrectomies on patients with peritoneal dissemination remain debatable. A previous study found that half the patients with M1 gastric cancer (74% of those with peritoneal dissemination) who did not undergo gastrectomy required subsequent intervention, while the other half did not require any further treatment. Only 12% of the patients required surgical treatment (23), since percutaneous endoscopic gastrostomy for gastric outlet obstruction, radiation therapy and endoscopic laser therapy for bleeding were useful intervention techniques in other patients. Therefore, they concluded that surgical approaches, including palliative resection, were unnecessary. However, all of the patients died within 3 years.
On the other hand, several studies have shown that certain patients have relatively good prognoses, and palliative resection is associated with increased survival times in P1 or P2 patients (1, 24) . Our results also showed that when patients with peritoneal dissemination were divided into two groups, the prognosis for P0-2 patients was much better than that for P3 patients. Therefore, it can be considered that P0-2 patients may be good candidates for palliative gastrectomies. More importantly, it should be noted that S-1 treatment prolonged the survival of P0-2 patients or patients with no macroscopic residual tumor; this may not have been apparent prior to the clinical introduction of S-1 therapy. However, sensitivity to anticancer agent, 5-FU, varies from patient to patient. In our analysis, OPRT was a significant prognostic indicator of survival. DPD is mainly distributed in the liver, while OPRT is distributed in both the tumor and liver (22) and is known to metabolize 5-FU at both these sites. It has been reported that the growth inhibition caused by 5-FU is closely correlated with the levels of OPRT mRNA in cancer cell lines. Moreover, down-regulation of OPRT by small interfering RNA decreased the sensitivity of the tumor cells to 5-FU in vitro (25) . Several clinical studies have suggested that TS, DPD and OPRT expression in gastric and colorectal cancers is associated with 5-FU sensitivity (10) (11) (12) .
In this study, comparison of S-1 data with other 5-FU data was conducted based on the consecutive recruitment of two groups of patients at the same hospital. However, this study has several limitations. The design involved the collection of patient data over a long period and dealt with variable types of regimens. However, as mentioned by Sakuramoto et al, the effectiveness of specific regimens was not yet verified in large clinical trials before S-1; nevertheless, many chemotherapeutic regimens have been reported for the treatment of gastric cancer (6) . Particularly, this issue has not yet been reported in peritoneal dissemination. In addition, when we compared P3 patients as the internal standard, the survival curve was identical to those of the other 5-FU groups. Therefore, it is unlikely that the long period of data collection and the variable types of 5-FU chemotherapies were responsible for the difference we observed between the two groups in this study.
In conclusion, the development of strategies for increasing the survival times of patients with peritoneal dissemination is a challenge in gastric cancer treatment. Our result does not recommend palliative gastrectomy for all gastric cancer patients with gastric bleeding or obstruction. It presents the contraindication of palliative gastrectomy. The candidates for gastrectomy should be chosen on the basis of the degree of peritoneal dissemination and high OPRT expression. Unfortunately, the period of survival is reduced in far advanced gastric cancer patients, therefore, we must keep in mind the indication for palliative gastrectomy.
